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I. SURFACE STUDIES
A. SURFACE THEORY
No work was performed on this task during this reporting period.
3. SURFACE CHARACTERIZATION CHAMBER
Samples from several surface characterization experiments under-
,
went chemical analysis by Auger spectroscopy. Results are given in
pertinent sections of this report.
C. ACTIVATION CHAMBER EXPERIMENTS
	
1	 The suspiciously low bare work function values reported last month
for sprayed La B6 ,vere found to be caused by trace amounts of BaO impurities
on the RCA-Vidicon nickel substrates used. Since this compound has a work
function of about 1.6 eV a residue covering less than 10-4 of the substrate
area is sufficient to give a thermionic emission current corresponding to the
work function measured with sprayed LaB6.
i
Thor Vidicon guns are supplied with a standard barium carbonate
coating and the coating is removed with alcohol before the nickel substrate
is used for the experiments in the Activation Chamber. The following
experiments lead to the conclusion that, after wiping off the deposit, traces
of the carbonate may be left on the sidewall of the gun which is not coated.
with La B6:
1. A nickel substrate was etched with HC 1 prior to depositing the
LaB6 . A work function above 3 eV was obtained with this surface.
2. After wiping off the BaCO3, a nickel substrate was examined by
Auger spectroscopy and traces of barium were observed.
	
U4	 3. A molybdenum substrate was sprayed with BaCO 3 and the coating
was removed in the conventional manner. Low work function
j was measured and barium was again detected by Auger spectroscopy.
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These bare work function results should not be confused with
-the values below 1. 1 eV measured for LaB6 activated with cesium and
oxygen. Such low values were measured irrespective of the substrate
on which the LaB6 was deposited.
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A. CONVERTER THEORY
No work was performed on this task during this reporting period.
B. ENHANCED MODE CONVERSION EXPERIMENTS
In order to reduce electron space charge effects sufficiently '. z
close spaced diodes with rigid electrodes, surface distortion must remain
well below 0. 1 mil (25µm). Quantitative estimates were made of such
1
distortion by observing the reflected profile of a He-Ne laser beam
incident on a laser mirror electrode during heating. .Aiming the 1 mm
i
	
i	 beam at an incident grazing angle of 83° produced an 8 mm long inter-
section line between the ray and the surface of the sample. The reflected
beam was observed on a screen placed approximately 20 m away. Monitoring
	
I	 the spot size while the sample electrode was being heated to 1500 K did not
indicate any significant thermal distortion. Thermal deformation of the
structure supporting the sample did, however, significantly affect the
observations. Consequently, more refined measurements will be performed
with a double beam system wherein the first beam is reflected from the
	
1	 center of the sample and the second from its edge. Measurement of the
	
1	 distance between these beams, as a function of sample temperature, will
	
.^	 provide a better determination of the thermal distortion of the electrode
surface at emitter temperatures.
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III. CONVERTER DEVELOPMENT
	
'	 A. LOW TEMPERATURE CONVERSION EXPERIMENTS
1. Tungster Emitters Lanthanum Hexaboride Collector (Converter No. 180).
rIn an effort to characterize lanthanum hexaboride as a collector
material, a variable spacing converter was built employing a standard
electropolished tungsten emitter with a sprayed lanthanum hexaboride
collector. A guarded collector was used to obtain accurate work function
measurements from do back emission data at low current values. The
guard (Figure III-1) is designed to eliminate emission from the collector
and to lower emitter-to-collector leakage current. The collector surface
was prepared by spraying an approximately 2.5 gm thick coating of Ianthanum
hexaboride suspended in organic binder onto a molybdenum collector
assembly. The binder was subsequently evaporated by heating the
collector to 675 K during the degassing of the converter. Sprayed, rather
	
'	 than sintered, material was chosen to simplify fabrication by eliminating
several brazing steps. Backemission collector work function versus TC/TR
is shown in Figure III-2. Work functions as low as 1.45 eV were obtained
at T/T R values between 1.4 and 1.5. Measurements were made at a
	
'	 constant T  for several different collector temperatures. No significant
temperature dependence was noted, Correlation between back-emission data
and retarding plots will be made during the next reporting period.
B. HIGH EFFICIENCY CONVERSION EXPERIMENTS
1. Tungsten_ Emitter, Lanthanum Hexaboride CollectorA"Showerhead"
Converter No. 166)
•
	
	 Several experiments were performed in which oxygen was diffused
through the porous "showerhead" collector during ignited mode operation.
The emitter temperature was held constant at 1400 K with a fixed electrode
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spacing of 2.5 mm. Both the collector temperature and the cesium
reservoir temperature were independently varied in an attempt to find
	
S	 the minimum oxygen pressure behind the showerhead required to enhance
the performance of t:he converter. Typically 1 to 2 torr of oxygen was
necessary for a cesium pressure of 5 x 10 -2
 torr in the converter and
a collector temperature of 850 K. In these experiments a change in
either the emitter saturation current or the back ignited current from
the collector was used as an indication of oxygen penetration into the
converter. In all cases such penetration de-ignited the converter. As
the oxygen was pumped out through the porous collector re-ignition
	
1	 with enhanced performance was observed. Saturation currents from
both the emitter and collector were increased by factors of 2 to 3.
These larger currents would return to their original values in about
^i	30 minutes.
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IV. COMPONENT fARDWARE PROGRAM
A. HOT SHELL DEVELOPMENT
Three CVD tungsten shells were fabricated, each at a different
tungsten hexafluoride flow rate. The properties of these shells are
compared in Table IV- 1. For the higher WF6 flow rates, the tungsten
coatings were smooth and gave no indication of faceting.
The exhaust- gas scrubber was slightly modified. Polyethylene balls
were added to the 10 N KOH scrubbing solution in order to restrict bubble
size and impede their upward flow. The result is a more thorough
scrubbing of exhaust gases.
Simulated furnace testing c.n:tinued at a furnace gas temperature of
1573 K (2370 F). The inside of tie shells is evacuated to 10 -7 tor r.
Table IV-2 presents the status o.° these tests as of October 5, 1977.
A leak was observed on the chromized 446 CRES sa,nple on September 27,
1977. This shell was subsequently removed from the furnace for
failure analysis.
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Table IV-1
CVn TIInORtAn Shelia
Run Duration of Shell WF6 Flow Coating Thickness
Number Run Number Rate Hemisphere	 Wall
(Min.) (SCCM)
7 78 W2 50 0.012 "
	 0.004"
8 85 W2 100 0. 018" net)	 0. 010" (net)
9 85 W3 150 0.023"
	
0. C 12"
10 75 W4 200 0.018"
	 0.011"
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